Measurements of the volume and protein content of the plasma, and the red cell and haemoglobin content, haematocrit and gas tension of the blood were made on normal, adult sheep during three consecutive 2-hour periods: control, anaesthesia and recovery. During the period of anaesthesia, cyclopropane, halothane or thiopentone was administered. Red cells were removed from the circulation during the control periods and during anaesthesia with thiopentone or halothane, but returned during the recovery periods. The red cell concentration increased both during and after the administration of cyclopropane, and reached a value 30 per cent higher than the mean concentration present during the control period. Cyclopropane anaesthesia was not accompanied by a significant loss of fluid or protein from the circulation, but the rate of protein loss increased after the cyclopropane was withdrawn. No significant changes in either the volume of plasma or the total plasma protein occurred during the early stages of either halothane or thiopentone anaesthesia, but in each case the mean plasma protein concentration was significantly lower during anaesthesia than during the control period.
Measurements of the volume and protein content of the plasma, and the red cell and haemoglobin content, haematocrit and gas tension of the blood were made on normal, adult sheep during three consecutive 2-hour periods: control, anaesthesia and recovery. During the period of anaesthesia, cyclopropane, halothane or thiopentone was administered. Red cells were removed from the circulation during the control periods and during anaesthesia with thiopentone or halothane, but returned during the recovery periods. The red cell concentration increased both during and after the administration of cyclopropane, and reached a value 30 per cent higher than the mean concentration present during the control period. Cyclopropane anaesthesia was not accompanied by a significant loss of fluid or protein from the circulation, but the rate of protein loss increased after the cyclopropane was withdrawn. No significant changes in either the volume of plasma or the total plasma protein occurred during the early stages of either halothane or thiopentone anaesthesia, but in each case the mean plasma protein concentration was significantly lower during anaesthesia than during the control period.
Changes in the volume and composition of the blood that occur during surgical manoeuvres performed under general anaesthesia may be important in determining both the efficiency of perfusion of vital areas and the subsequent clinical course of the patient. Some of these changes result from the exchange of fluids with the exterior, but important movements of blood constituents may occur between the different compartments of the body (Stewart and Rourke, 1938) . There is some evidence that anaesthetic agents may affect these movements of fluid and of cells (Hausner, Essex and Mann, 1938; Courtice and Gunton, 1949; Swingle and Swingle, 1963) , and so modify the effects of blood and other fluid loss, and of replacement therapy on the effective intravascular volume (Courtice and Gunton, 1949) . Some studies have been made on the effects of the anaesthetic agents on the volume of plasma and whole blood (Stewart and Rourke, 1938; Price, Helrich and Conner, 1956; Payne, Gardiner and Verner, 1959; Grable et al., 1962; Morse et al., 1963) , but marked differences exist between these studies in the analytical techniques and experimental design, previous history and medication of the patients and the duration and exact nature of the anaesthetic. For this reason, it is difficult to assess the significance of the results obtained with the different drugs.
This study was designed to provide comparative information concerning the effects of important anaesthetic agents on the vascular compartment. Observations were made before, during and after the administration of cyclopropane, halothane or thiopentone to sheep under controlled experimental conditions. PROCEDURE Measurements of the volume and protein content of the plasma, and the red cell and haemoglobin content and the haematocrit, Pao^ Pac 02 and pH of the blood of twenty-one sheep were made at intervals during three consecutive 2-hour periods while the animals were lightly restrained in left lateral recumbency. The measurements were made on conscious, resting sheep during the first 2-hour (control) period, then during a 2-hour period of deep surgical anaesthesia, and were continued for a period of 2 hours after the administration of the anaesthetic had ceased.
Animals.
Healthy adult Merino or Merino-cross ewes or wethers that had not been used for any previous experiments were deprived of water for 10-12 hours but did not receive any form of preliminary medication. Immediately before the beginning of the control period, a p.v.c. cannula (Ld. 0.86 mm) was passed through a 14 s.w.g. needle into an external jugular vein and positioned so that the tip rested near the entrance to the right atrium. In six sheep a Riley arterial needle was inserted into a common carotid artery that had been exteriorized in a skin flap three months before the experiment. Approximately 100 ml blood was removed during sampling from each sheep, and this was not replaced.
Anaesthesia.
In each experiment, cyclopropane, halothane or thiopentone was used for both the induction and the maintenance of a state of deep surgical anaesthesia, and no other drugs were administered. The state of deep surgical anaesthesia was considered to be present when the corneal reflex was sluggish and the palpebral and cutaneous reflexes and the withdrawal reflex to interdigital pressure were no longer present.
Anaesthesia was induced with thiopentone by the intravenous infusion of a 5 psr cent solution at a dose of 20-25 mg/kg. A tightly-fitting face mask and an otherwise closed circuit was used to administer oxygen and either cyclopropane, in a concentration of 50-60 per cent, or halothane to the conscious sheep. The halothane was administered from Stephens Universal vaporizer (The Australian Anaesthetic Equipment Company, St. Leonards, N.S.W., Australia) placed "in circle" and adjusted to the "on" position.
Immediately after induction, a Magill endotracheal tube was passed in each sheep with the aid of a Magill laryngoscope fitted with a very long blade. The tube was connected to a circle type of anaesthetic circuit in which the reservoir bag was replaced by a Harrington-James ventilator. The ventilator was adjusted so that the pressure within the circuit decreased to -3 to -5 cm H 2 O during expiration, but did not exceed 20 cm rL,0 during inspiration.
The rate of respiration was maintained at 20 b.pjn., and the minute volume, measured with a Wright respirometer in the circuit, was 12-15 l./min. Oxygen was added to the circuit at the rate of 500-1,000 ml/min and carbon dbxide removed with fresh soda-lime. A uniform state of deep surgical anaesthesia was maintained with either cyclopropane, in a concentration of 30-50 per cent in oxygen, halothane, administered from a Stephens vaporizer adjusted to i-i open, or 5 per cent thiopentone, administered intravenously in volumes of 2-5 ml as required.
Measurements.
The volume of plasma was measured once during each control, anaesthetic and recovery period by the dilution of labelled albumin. A measured amount (10-20 ,uc) of IM I-labelled albumin (The Radiochemical Centre, Amersham, Bucks.) was injected into a jugular vein 30 minutes after the beginning of each period, and blood samples removed from the venous cannula into heparinized tubes 10, 30 and 60 minutes later. Duplicate samples of plasma were plated on to planchets, and the level of activity in the dried samples estimated with a thin end-window Geiger Miiller tube and Philips PW4032 Universal Counter. Corrections were applied for background radiation and self-absorption and, where applicable, for the level of radioactivity present in the plasma from the preceding estimation. The regression coefficient (b) of the logarithm of the corrected counting rate against sample time was calculated and used to estimate both the level of radioactivity that would have been present in the plasma at the time of injection if mixing had been instantaneous, and the plasma volume (equation 1). The half-time of the labelled albumin in the circulation was calculated (equation 2) and was used to estimate the rate of net removal of the labelled albumin from the plasma (equation 3).
Total counts/min injected standardized against precision buffers. All elecEstimated counts/min/ml at To trodes weTe maintained at 38 °C, and were con- The standard error of the mean of a single centration of haemoglobin by the cyanmethae-rime interval was estimated for the different moglobin method, and of red cells by counting in parameters from the EMS and sample number, a haemocytometer. Estimates were made of the as indicated in equation 5 (Chalmers et al., 1965) . red cell volume (in cubic microns), by dividing SEM=[EMS (N-1 )]*(5) the volume of packed cells (ml/1.) by the red cell concentration (millions/mm 3 ), and of the total amount of circulating plasma protein, RESULTS from the product of the volume and protein During the experiments, the sheep lay quietly concentration of the plasma.
on the table, and induction and maintenance of In two experiments with each anaesthetic anaesthesia proceeded without major incident in agent, samples of arterial blood were removed all cases. Some of the sheep anaesthetized with at intervals of 30 minutes into glass syringes in cyclopropane did have minor, spontaneous movewhich the deadspace had been filled with heparin-ments of skeletal muscles. All the sheep were ized saline. The syringes were sealed immedi-well oxygenated during anaesthesia and had ately, then transferred to an ice bath and arterial Pco, values lower than, and pH values analyzed for Po 1} Pco 2 and pH within 15 minutes higher than, conscious sheep (figs. 1-3). These of collection. The Po 3 was estimated with a parameters all returned rapidly to the control Clarke polarographic oxygen electrode standard-values when administration of the drug was ized against water equilibrated with air. Pco a discontinued, was estimated with a Severinghaus carbon dioxide electrode, standardized against two Cyclopropane. known mixtures of carbon dioxide and oxygen, During the administration of cyclopropane, and pH was estimated with a glass microelectrode, the plasma volume decreased a little and its protein concentration increased progressively but the total amount of protein in the plasma remained constant (table II, fig. 1 ). During the recovery period the plasma volume increased to slightly exceed the control value, but the protein concentration decreased rapidly, and by the end of the experiment was less than the mean value present during the control period ( fig. 1 ). This decrease in plasma protein concentration during the recovery period was accompanied by a significant increase in the net movement of labelled albumin out of the plasma compartment.
The haematocrit decreased progressively during the control period and for the first 30 minutes of anaesthesia, and reached a value 16 per cent lower than that present at the beginning of the experiment (P<0.005). This decrease in haematocrit was associated with significant decreases in both the concentration (8.2 per cent; P<0.05; fig. 1 ) and the volume (10 per cent; P<0.001; fig. 4 ) of the red cells. The volume of the red cells remained constant from the beginning of anaesthesia until late in the recovery period, when a further significant decrease occurred (P<0.001; fig. 4 ). The red cell concentration and haematocrit increased progressively from 30 minutes after induction, and, by the end of the first 90 minutes of anaesthesia had exceeded the mean values present during the control period ( fig. 1 ).
Hdothane.
The values for plasma volume and total circulating protein obtained early in the period of halothane anaesthesia were almost identical to those obtained during the control period, but the mean of four estimates of protein concentration made at 30-minute intervals during anaesthesia was significantly less than the mean control value (P<0.05; table HI). The administration of halothane was not accompanied by any significant changes in the total plasma protein or in the rate of net removal of labelled albumin from the plasma (fig. 2) .
The haematocrit decreased during the control period, but a further significant decrease (P<0.01) to 83 per cent of the mean control value occurred during the first 30 minutes of anaesthesia ( fig. 2) . It was then relatively constant for the remainder of the anaesthetic period, but increased significantly during the first 30 minutes after halothane was withdrawn (P<0.001) and slowly approached the mean control value during the next hour. The red cell concentration and haematocrit were both significantly lower during halothane administration than during either the control or the recovery period (P<0.001 in each case; table HI), but no significant differences occurred in the volume of the red cells.
Thiopentone.
The concentration of protein in the plasma decreased progressively during the control period and the first 30 minutes of anaesthesia, then remained constant at a value that was significantly less than the mean concentration present during the control period (P<0.01; table IV, fig. 3 ). During the recovery period, it increased again (P<0.01) and approached the control values. No significant changes occurred in the plasma volume, the total circulating protein or the rate of net removal of labelled albumin from the plasma.
Both the red cell concentration and the haematocrit decreased during the control period, but a further, precipitous fall in both parameters occurred immediately after the injection of thiopentone (P<0.001 in each case; fig. 3 ). The volume of the red cells also decreased progressively during the control and anaesthetic periods ( fig. 4) . During the last 90 minutes of thiopentone administration the red cell concentration and haematocrit remained relatively constant, but they increased significantly (P<0.05 and P<0.001 respectively) during the first 30 minutes of recovery and approached the mean control values.
DISCUSSION
The dramatic decrease in the concentration of red cells that occurred when either halothane or thiopentone entered the circulation was almost certainly due to the accumulation of red cells in the spleen, and possibly in other parts of the viscera (Hausner, Essex and Mann, 1938; Courtice and Gunton, 1949; Rieke and Everett, 1957; Sliwinski and Lflienfield, 1958; Hodgetts, 1961) . A similar decrease in haematocrit was Hodgetts (1961) after the administration of pentobarbitone to sheep, but when she injected adrenaline the sequestered cells were mobilized immediately and the haematocrit increased by about 50 per cent.
The level of activity in the sympathoadrenal system would probably have been fairly high at the beginning of our experiments but as the sheep gradually became accustomed to the unfamiliar surroundings the sympathoadrenal activity and the degree of stimulation of the smooth muscle of the spleen would have been expected to decrease. This would have been followed by relaxation and expansion of the spleen and a decrease in the concentration of red cells, as was noted during the control periods.
The rate of decline in sympathoadrenal activity would have been increased by the introduction of either thiopentone or halothane into the circulation. Barbiturates have been shown to cause a decrease in transmission through sympathetic ganglia (Larrabee and Posternak, 1952) , a decrease in the output of catecholamines from the adrenal medulla (Walker et al., 1959) , and a decrease in the level of catecholamines in the peripheral blood (Montagu, 1955; WeilMalherbe, 1955) . Halothane may also impair transmission in the sympathetic nervous system (Raventos, 1956; Black, 1965) , but does not appear to result in a decrease in the level of catecholamines in the blood (Price et al., 1959; Hamelberg et al., 1960) . It may, however, decrease the contractile response of smooth muscle to the catecholamines that are present (Price and Price, 1962) . These effects result in expansion of the spleen, as was shown by Raventos (1956) in chloralose-treated cats that received halothane, and by Hausner, Essex and Mann (1938) in dogs anaesthetized with barbiturate, and a decrease in the concentration of red cells in the circulation ( figs. 2, 3) .
Cyclopropane, on the other hand, causes an increase in the activity in the sympathoadrenal system, a marked increase in the plasma levels of catecholamines (Price et al., 1959; Hamelberg et al., 1960; Price ct aL, 1963) and an increase in the concentration of red cells in the circulation ( fig. 1) . During the administration of cyclopropane to our sheep the concentration of red cells increased to exceed that present in the conscious and probably frightened sheep at the beginning of the experiment and the elevated level was maintained for at least 2 hours after the drug was withdrawn ( fig. 1 ). By this time only a vanishingly small concentration of cyclopropane would have remained in the blood (Orcutt and Seevers, 1937; Price and Dripps, 1965) .
Although the spleen in man is relatively smaller than in sheep, it may be expected to provide a dynamic reservoir of concentrated blood (Sliwinski and Iilienfield, 1958; Hodgetts, 1961) . The increase in sympathoadrenal activity that occurs during anaesthesia with cyclopropane would result in the release of much of this blood into the general circulation and would help in the maintenance of the stable blood pressure that is characteristic of patients receiving this drug (Price et al., 1959 ).
An increase in venous pressure also occurs during cyclopropane anaesthesia (Price, Helrich and Conner, 1956 ) but no information is available concerning the pressure within the capillaries. We found that the administration of cyclopropane was often associated with the removal of fluid from the circulation and suggest that this was probably due to increases in the mean capillary hydrostatic pressure (Pappenheimer and Soto-Rivera, 1948 ).
An increase in plasma volume during the administration of halothane either alone or with nitrous oxide has been reported (Grable et al., 1962; Payne, Gardiner and Verner, 1959) . These observations were made on premedicated surgical patients by injecting Evans Blue and estimating the concentration in one or two blood samples. Morse and associates (1963) believed that it was difficult to assess the significance of these observations from the limited information presented. Morse and his colleagues found that the plasma volume did not change significantly during the administration of halothane, but they made no observations during the recovery period. In our experiments no changes occurred in the plasma volume during the administration of halothane but a slight increase in plasma volume, and significant increases in haematocrit and red cell concentration accompanied the return of sympathoadrenal tone during the recovery period.
When Price, Helrich and Conner (1956) administered thiopentone with nitrous oxide to premedicated surgical patients, they noted a slight but significant increase in plasma volume, especially during the first 30 minutes. Conversely, we found that the plasma volume did not change significantly when thiopentone alone was used to produce a state of deep surgical anaesthesia ( fig. 3, table IV) . Page, Del Greco and Corcoran (1954) also found no change in plasma volume in dogs anaesthetized with pentobarbitone sodium but other authors have reported increases in plasma volume of up to 20 per cent during pentobarbitone anaesthesia (Hamlin and Gregersen, 1939; Courtice and Gunton, 1949; Rieke and Everett, 1957) . Although some of the differences between reports may be due to variations between species and between the effects of the different barbiturates, differences in the duration and depth of anaesthesia may be of paramount importance. Korner, Uther and White (1968) found that the arterial pressure of the rabbit falls by about 20 per cent shortly after the induction of anaesthesia with pentobarbitone sodium but no significant changes occur in either right atrial pressure or total peripheral resistance. During this period of early anaesthesia, the hydrostatic pressure within the capillaries may be expected to decrease and to promote the net movement of fluid into the capillaries. These authors found that as the rabbits attained a steady state of moderate surgical anaesthesia, the arterial pressure increased towards the pre-anaesthetic level and the peripheral resistance decreased a little, but no significant changes occurred in the right atrial pressure. This condition may be associated with an increase in the hydrostatic pressure within the capillaries and the net removal of fluid from the vascular compartment.
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It is a pleasure to acknowledge the technical assistance of Miss J. Garson. Nilsson and her co-workers have studied the effects of dextrans of varying molecular weight on the coagulation system. In 1964 they showed that dextran with an average molecular weight below 75,000 in recommended dosage did not significantly affect the various coagulation factors. Dextran with an average molecular weight of 130,000 in the same dosage produced a moderate coagulation defect.
EFFET DE L'ANESTHESIE AVEC CYCLOPRO-
Dr. Maltby discusses primary anaphylactoid reactions to dextrans which have been reported on rare occasions with no previous history of exposure to dextrans. It has not been possible to detect precipitating antibodies in the serum of these patients on the occasions when this has been done. There are a number of theories as to the cause of this type of reaction. One as is mentioned is a cross immunological reaction with a polysaccharide contaminant of sugar. It must be remembered that cane sugar contains more dextran than does beet sugar. This might possibly explain why the frequency of these primary reactions varies from country to country.
The fact that primary reactions to dextran have virtually never been reported when dextran is being used clinically for shock and especially in anaesthetized patients may possibly correlate to the normal physiological response to stress. A theory has been advanced that trauma, e.g. surgical incision, etc., by causing an increase in the circulating glucocorticoid level affords protection against an anaphylactoid reaction in these circumstances.
As Dr. Maltby correctly slates, earlier dextrans with a greater degree of branching were more markedly antigenic (Kabat et al., 1957) than the modem ones. Rabat and Bezer (1958) were able to cause an increase in circulating dextran precipitable antibodies by subcutaneous injections of small amounts of dextrans with an average molecular weight over 91,700, but they were unable to do this with an injection of a dextran with a molecular weight below 51300-Gronwall (1959) was unable to cause a significant increase in precipitating antibodies with a dextran of average molecular weight 80,000. The dextran used in both these latter studies were of the linear type.
In summary, therefore, dextrans with an average molecular weight below about 80,000 are unlikely to be associated with the side effects mentioned, i.e. antigenicity, haemorrhage or interference with blood typing and crossmatching provided they are of the linear type and given in the recommended dosage. Primary anaphylactoid reactions apparently entirely unrelated to previous exposure to dextrans and resultant sensitization may occur on rare occasions. The frequency of such reactions is far less than when blood or blood products are used, R^H R O USEIX Pharmacia {Great Britain) Ltd.
